1233 and 1224 respectively) were used (50 pmoles each) with the pGEM3z(f+) 
plasmid vector (Promega Corp.) as template (10 ng) containing the target sequences. 
The conditions for PCR were as follows: 50 pM of each dNTP and 2.5 units of Taq 
DNA polymerase in 100 jil of 20 raM Tris-Cl, pH 8.3, 1.5 mM MgCl 2 , 50 mM KC1 
with 0.05% Tween-20 and 0.05% NP-40. Reactions were cycled 35 times through 
95°C for 45 seconds, 63°C for 45 seconds, then 72°C for 75 seconds. After cycling, 
reactions were finished off with an incubation at 72°C for 5 minutes. The resulting 
fragment was purified by electrophoresis through a 6% polyacrylamide gel (29:1 cross 
link) in a buffer of 45 mM Tris-Borate, pH 8.3, 1.4 mM EDTA, visualized by 
ethidium bromide staining or autoradiography, excised from the gel, eluted by passive 
diffusion, and concentrated by ethanol precipitation. 

Cleavage of the substrate DNA occurred in the presence of the pilot 
oligonucleotide 19-12 at 50°C (Fig. 12B, lanes 1 and 7) but not at 75°C (lanes 4 and 
10). In the presence of oligonucleotide 30-12 cleavage was observed at both 
temperatures. Cleavage did not occur in the absence of added oligonucleotides 
(lanes 3, 6 and 12) or at about 80°C even though at 50°C adventitious structures in the 
substrate allowed primer-independent cleavage in the absence of KC1 (Fig. 12B, 
lane 9). A non-specific oligonucleotide with no complementarity to the substrate DNA 
did not direct cleavage at 50°C, either in the absence or presence of 50 mM KC1 
(lanes 13 and 14). Thus, the specificity of the cleavage reactions can be controlled by 
the extent of complementarity to the substrate and by the conditions of incubation. 

D. Cleavage Of RNA 

An shortened RNA version of the sequence used in the transcleavage 
experiments discussed above was tested for its ability to serve as a substrate in the 
reaction. The RNA is cleaved at the expected place, in a reaction that is dependent 
upon the presence of the pilot oligonucleotide. The RNA substrate, made by T7 RNA 
polymerase in the presence of [a- 32 P]UTP, corresponds to a truncated version of the 
DNA substrate used in Figure 12B. Reaction conditions were similar to those in used 
for the DNA substrates described above, with 50 mM KC1; incubation was for 40 
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minutes at 55°C. The pilot oligonucleotide used is termed 30-0 (SEQ ID NO:20) and 
is shown in Fig. 13 A. 

The results of the cleavage reaction is shown in Figure 13B. The reaction was 
run either in the presence or absence of DNAPTaq or pilot oligonucleotide as indicated 
in Figure 13B. 

Strikingly, in the case of RNA cleavage, a 3' arm is not required for the pilot 
oligonucleotide. It is very unlikely that this cleavage is due to previously described 
RNaseH, which would be expected to cut the RNA in several places along the 30 
base-pair long RNA-DNA duplex. The 5' nuclease of UNAPTaq is a structure- 
specific RNaseH that cleaves the RNA at a single site near the 5' end of the 
heteroduplexed region. 

It is surprising that an oligonucleotide lacking a 3' arm is able to act as a pilot 
in directing efficient cleavage of an RNA target because such oligonucleotides are 
unable to direct efficient cleavage of DNA targets using native DNAPs. However, 
some 5' nucleases of the present invention (for example, clones E, F and G of Figure 
4) can cleave DNA in the absence of a 3 5 arm. In other words, a non-extendable 
cleavage structure is not required for specific cleavage with some 5' nucleases of the 
present invention derived from thermostable DNA polymerases. 

We tested whether cleavage of an RNA template by DNAPTaq in the presence 
of a fully complementary primer could help explain why DHAPTaq is unable to 
extend a DNA oligonucleotide on an RNA template, in a reaction resembling that of 
reverse transcriptase. Another thermophilic DNAP, DNAPTth, is able to use RNA as 
a template, but only in the presence of Mn++, so we predicted that this enzyme would 
not cleave RNA in the presence of this cation. Accordingly, we incubated an RNA 
molecule with an appropriate pilot oligonucleotide in the presence of DNAPTaq or 
DNAPTth, in buffer containing either Mg++ or Mn+-K As expected, both enzymes 
cleaved the RNA in the presence of Mg++. However, DNAPTaq, but not DNAPTth, 
degraded the RNA in the presence of Mh++. We conclude that the 5' nuclease 
activities of many DNAPs may contribute to their inability to use RNA as templates. 
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EXAMPLE 2 

Generation Of 5' Nucleases From Thermostable DNA Polymerases 


Thermostable DNA polymerases were generated which have reduced synthetic 
activity, an activity that is an undesirable side-reaction during DNA cleavage in the 
detection assay of the invention, yet have maintained thermostable nuclease activity. 
The result is a thermostable polymerase which cleaves nucleic acids DNA with 
extreme specificity. 

Type A DNA polymerases from eubacteria of the genus Thermus share 
extensive protein sequence identity (90% in the polymerization domain, using the 
Lipman-Pearson method in the DNA analysis software from DNAStar, WI) and behave 
similarly in both polymerization and nuclease assays. Therefore, we have used the 
genes for the DNA polymerase of Thermus aquaticus (DNAPTaq) and Thermus flavus 
(DNAPTfl) as representatives of this class. Polymerase genes from other eubacterial 
organisms, such as Thermus thermophilus, Thermus sp. 9 Thermotoga maritima, 
Thermosipho africanus and Bacillus stearothermophilus are equally suitable. The 
DNA polymerases from these thermophilic organisms are capable of surviving and 
performing at elevated temperatures, and can thus be used in reactions in which 
temperature is used as a selection against non-specific hybridization of nucleic acid 
strands. 

The restriction sites used for deletion mutagenesis, described below, were 
chosen for convenience. Different sites situated with similar convenience are available 
in the Thermus thermophilic gene and can be used to make similar constructs with 
other Type A polymerase genes from related organisms. 
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